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Abstract 
Garcinia speciosa Wall.is Thai medicinal plant used as remedies for healing skin infections and wounds, a laxative (bark), inflammation, 
astringent (leaves) agents, diarrhoea (fruits) and antibacterial.This plants were  rich source of oxygenated xanthones, some of which have 
antitumor promotive activity. Dried leaves and twigs of G. speciosa extracted with ethanol and chromatography with Diaion20 column by 
H2O, methanol and ethyl acetate gave 3 fractions. The crude extracted of H2O, methanol and ethyl acetate fractions were tested by cytotoxic 
against to the lung cancer cell lines (A 549) gave ED50 values of 62, 45 and 75μg/ml, respectively. Hence, the crude methanol fraction was 
interested for chemical constituents and identified cytotoxic activities. Crude methanol fraction was fractionated by si gel column, used of 
ethyl acetate-hexane (7:3) gave macluraxanthone was major compound. Structure elucidated by 1H, 13C and 2D NMR spectroscopy. The 
antioxidant of macluraxanthone by DPPH showed IC50 was 7.65μg/ml and the cytotoxic test of lung cancer cell lines (A 549) gave 
ED50 values 15.38 μg/ml. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Garcinia  speciosa  Wall. is belong to the family Guttiferae, a medium size tree that can grow up to 10-15 meters 
in height which can be found in the north, the northeast and southern in Thailand. The local names such as Sarapee 
paa, Pha waa and Maak Kwak (Smitinand, 2005).The plant is used as traditional medicinal for diarrhea (fruits), skin 
wounds, burns, astringent agents, oedemas, inflammation (leaves and twigs), gastrointestinal, laxative (bark) (Sakunpak, 
2012). Reported showed the friedolanostanes, lanostanes and abeolanostanes were evaluated for ability to inhibit in 
vitro on apoptosis of HeLa, KB and B16F10 (Manosroi, 2006) and MCF7 cell lines (Vieira, 2004) and polyhydroxy- 
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xanthones were antibacterial, antiviral activities and anticancer (Duangsrisai, 2014). This research studied of G. 
speciosa, leaves and twigs macerated with ethanol. The crude ethanol was fractionated by column 
chromatography (CC) with Diaion20, and eluted with H2O, methanol and ethyl acetate gave 3 fractions. The 
antioxidant activities of H2O, methanol and ethyl acetate fractions by DPPH assay guided in IC50 were 165.8, 
46.1 and 113.9μg/ml, respectively (Okoko, 2009). Further, Crude methanol fractionwas CC by si gel and 
gradient solvent system of hexane, ethyl acetate and methanol, and gave 3 fractions (F1-F3). F1-F3 showed 
IC50 of antioxidant were 117.4, 58.2 and 35.5 μg/ml, respectively. Macluraxanthone 20mg was major 
compound in F3 (Duangsrisai, 2014), and the other compounds were friedeline, stigmasterol (Nguyen, 2010) 
and derivative of benzophenone (Chanmshasathien, 2003). This research studied for antiproliferative of lung 
cancer cell lines (A549) are human alveolar basal epithelial cells, non-small cell lung cancer (NSCLC) and grew 
adherently, as a monolayer, in vivo (Carterson, 2005; Zhang, 2009). Lung cancer is common cause of cancer-related 
death in men and women, is responsible for 1.8 million deaths worldwide annually, as reported in year 2012(WHO 
Cancer, 2012). The effort of discovery and development the plant drugs for A 549 lungs cancers in natural 
compounds, such as Linoleic, flavonoids, quercetin, genistein, sesquiterpene, diterpenes, lactones, butenolides and 
lignin (Sangsuwon, 2013). The method of MTT assay is used for counting  the number of viable tumor cells in 
proliferation by purple formazan of tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 
a tetrazole)(Hynes, 1992). This research showed EC50 of antiproliferative effect of A 549 in the crude fractions of 
H2O, methanol and ethyl acetate were: 62, 45 and 75μg/ml, respectively. Macluraxanthone isolated from crude 
methanol fraction showed antioxidant activity in IC50 7.7 μg/ml and antiproliferative effect of A 549 was 
EC50 15.38 μg/ml. 
2. Materials and methods 
2.1. Phytochemistry 
2.1.1. General 
 
 1H and 13C NMR spectra data recorded on  Bruker DPX-300 and 75 MHz, respectively,with CDCl3 as solvent and 
TMS reference. APCIMS, Perkin Elmer. IR spectra were recorded in CHCl3 by Perkin-Elmer.  UV spectra were recorded 
in MeOH using Hitachi, U 320 spectrophotometer.  Melting point measured Digital Electromol 9100. Separation by CC 
were carried out using silica gel (15-40 μm, Merck 7731), TLC: pre-coated Kieselgel 60 F254( Merck). NP/PEG or NEU- 
spray reagent was detected for flavonoids and coumarinoids compounds, FeCl3 was detected for phenolic compounds and 
10% H2SO4-ethanol was universal spray reagent. 
2.1.2. Plant materials 
 
G. speciosa Wall.(Guttiferae) was collected from Rayong province in the central part of Thailand, in November 
2014. The plant was identified by taxonomist and deposited at Forest Herbarium with the voucher specimen number 
of BKF No. 096094, Royal Forestry Department Ministry of Agriculture and Cooperatives, Bangkok, Thailand. 
2.1.3. Extraction and isolation 
 
    The dried powdered of leaves and twigs (2kg) was percolated by ethanol to use up 15 L, and gave crude ethanol 
extracted 320g.  The dried crude ethanol 320g was fractionated by CC applied on Diaion20 with H2O, methanol and 
ethyl acetate gave 3 fractions. The crude extracted of ethyl acetate, methanol and H2O were removed solvent on 
rotary evaporator (RE) and the concentrated extract were freeze-dried to give the dried crude 170, 86 and 55g, 
respectively.  Methanol fraction 86 g was fractionated by CC and applied on si gel (15-40 μm, Merck 7731) in column 
size 6 cm i.d., 50 cm length, eluted with gradient system hexane-ethyl acetate, ethyl acetate-methanol and the final 
eluted with methanol, gave 3 fractions (F1-F3). F1 (25g, hexane-EtOAc, 9:1, 1L) appeared as brown gum, and 
recrystallized with Et2O appeared as white needles gave 1 (9mg) and filtrate obtained oily liquids. F2 (42g, hexane-
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EtOAc, 1:1; 1L) appeared as brown gum, and recrystallized with methanol appeared as transparent crystal gave 2 
(12mg), and the filtrated was dried with RE and repeated recrystallized with ethyl acetate appeared as yellow 
needles gave 3 (7mg), and the second filtrate obtained yellow gum which investigated in the future. F3 (38 g, 
hexane-EtOAc, 3:7; 1L and elute column with methanol; 1L) appeared as brown gum, and recrystallized with ethyl 
acetate appeared as yellow prism gave 4 (20mg) the second filtrate obtained yellow gum which investigated in the 
future. Compounds 1 2 3 and 4 were identified, as  1(friediline), 2(stigmaterol), 3(benzophenone), 
4(macluraxanthone) and acetylation of 4 by UV, IR, 1H-13C-NMR and mass spectrometer, and were compared with 
literature (Sangsuwon, 2013).  
        Compounds 3 yellow needle (EtOAc), mp 146-148qC. UV (MeOH),Omax: 273,290 nm. IR(CHCl3)Qmax 3378-
3400 (OH), 3013, 2918(CH stretching), 1643(C=O), 1600 (C=C), 1593, 1511 (C=C for aromatic moiety), 1426 (CH 
bending), 1385, 1363( gem-dimethyl),  1309, 1282, 1245, 1207 (CO), cm-1. EI-MS m/z 362.1002 [M]+ (calc. for 
C23H22O4 = 362.1002). 1H NMR showed 1.05 (6H, s, 2xdimethylchromene ring H3Cc, H3Ccc),  1.55 (6H, s, 
2xdimethylchromene ring H3Cccc, H3Ccccc), 5.52 (1H, d, J=10 Hz, H3), and 6.68 (1H, d, J = 10 Hz, H4), 5.3 (1H, d, 
J=10 Hz, H9), and 6.5 (1H, d, J = 10 Hz, H10),  aromatic protons at 7.35-7.46 (5H, m, H2c-H6c) and 12.8 (1H, s,E-
hydroxy proton of carbonyl).13C NMR (CDCl3, 75 MHz:  ppm: 200.3(C=O), 159.7(C5), 155.9(C6a), 155.5(C-1a), 
142.8(C1c), 130.0(HC4c), 127.0(HC-2c), 127.5 (HC3c), 127.5(HC5c), 127.0(HC6c), 125.4(HC3), 125.0 (HC9), 116.1 
(HC4), 115.8 (HC10), 105.0 (C4a), 102.4(C6), 102.0 (C10a), 78.2(C2),77.8(C8), 28.4 (H3Cc, H3Ccc), 27.4(H3Cccc, 
H3Ccccc). 
       Compound 4 yellow prism (EtOAc), mp 197-198qC,UV (MeOH)Omax: 282,336 nm, IR(CHCl3) Qmax 3500-3426 
(OH), 2975 (CH stretching), 1649(C=O), 1624 (C=C), 1588, 1525 (C=C for aromatic moiety), 1442, 1417(CH 
bending), 1385, 1363( gem-dimethyl),   1284, 1200 (CO), cm-1. EI-MS m/z 394.1253 [M]+ (calc. for C23H22O6 = 
394.1053). 1H NMR showed 1.4 (6H, s, 2xdimethylchromene ring H3C14,15), 1.65 (6H, s, 2xdimethylallyl group 
H3C17,18), 3.2 (2H, s-broad, 2HO), 4.95 (1H, d, J=10 Hz, H20cis), 5.1(1H, d, J=17.4 Hz, H20 tranns), 5.55 (1H, d, J=10 
Hz, H12), and 6.69 (1H, d, J = 10 Hz, H11), 6.65 (1H, dd, J=17.4, 10 Hz, H19),  6.88 (1H, d, J = 9.0 Hz, H7), 7.65 (1H, d, J 
= 9.0 Hz, H8), and 13.9 (1H, s,E-hydroxy proton of carbonyl). 13C NMR (CDCl3, 75 MHz: ppm: 157.3 (HOC1), 
105.7(C2),156.0(C3), 114.2(C4), 159.1(C4a), 133.7(C4b), 150.6  (HOC5), 151.9 (HOC6),113.7 (HC7), 117.1(HC8), 
114.3 (C8a), 180.9 (C=O), 103.1(C9a), 116.1 (HC11),128.2 (HC12), 78.9 (C13),  27.9 (H3C 14, 15 ), 41.3 (C16), 28.5 
(H3C17, 18), 152.7(HC19), 107.4 (H2C20). 
        Acetylation of compounds 4 (5mg) with sodium acetate (5mg) and acetic anhydride (2 ml) was refluxed for 2 hrs. The 
cooled reaction mixture was quenched by pouring into ice (20 ml). Filtrate of the resulting precipitate and recrytalized by 
ethanol give triacetate 4a (4mg, 80% yield) as yellow needles, mp.152-153qC.IR(CHCl3)Qmax 2978, 3029 (CH stretching), 
1780(C=O stretching of acetate group), 1643 (C=O stretching), 1607 (C=C stretching), 1583, 1506 (C=C for 
aromatic moiety), 1412, 1462(CH bending), 1389, 1371( gem-dimethyl),   1292, 1262, 1204, 1201 (CO stretching), 
cm-1. EI-MS m/z 520.1253 [M]+ (calc. for C29H28O9 = 520.0235). 1H NMR showed 1.38 (6H, s, 2xdimethylchromene 
ring H3C14,15), 1.65 (6H, s, 2xdimethylallyl group H3C17,18), 2.42 (3H, s, AcOC3O-1), 2.31 (3H, s, AcOC3O-5), 2.24 
(3H, s, AcOC3O-6), 4.75 (1H, dd, J=10, 1 Hz, H20cis), 5.05 (1H, d, J=17, 1 Hz, H20 tranns), 5.65 (1H, d, J=9.9 Hz, H12), 
and 6.4 (1H, d, J = 9.9 Hz, H11), 6.20 (1H, dd, J=17, 10 Hz, H19),  7.1 (1H, d, J = 8.8 Hz, H7), 8.1 (1H, d, J = 8.8 Hz, H8) . 
13C NMR (CDCl3, 75 MHz: ppm: 157.5(C1),112.7(C2), 156.2(C3), 120.5 (C4), 144.14 (c4a), 147.1(c4b), 130.5(C5), 
148.3(C6), 118.6(HC7),128.9(HC8), 120.55(C8a), 174.3(C=O), 109.4(c9a), 115.5(HC11), 131.4(HC12), 78.3(C13), 
27.9(H3C-14,15), 41.5(C16), 29.8((H3C-17,18) 149.8(HC19), 108.5(H2C20), 21.1(AcOC1), 20.5(AcOC5, AcOC6).   
2.2. DPPH radical assay 
     Crude H2O extracted of G. speciosa was prepared of serial concentration as 10, 20, 30, 40, 50, 100, 250, 500 
Pg/ml. Pipetted 1ml of DPPH (0.2mM in MeOH) in each of concentration of samples and  DPPH 2 ml was control. 
Mixtures were variously shaken and left for 30 min in the dark. Absorbance was measured at 515 nm using MeOH 
as blank. This experiment was repeated with methanol, ethyl acetate extracted, fractionated F1-F3 and mac- 
luraxanthone. Percentage of radical scavenging were calculated using the equation: S(%) = [1-As/Ac] x100, which 
Ac is the  absorbance of the control (0.2mM of DPPH, 2 ml), and As is the absorbance of samples and L-ascorbic 
acid was positive control. The inhibitory concentration (IC50) values were represented the antioxidant activity.  
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2.3 Cytotoxicity test 
2.3.1 Cell lines and culture 
 
Human lung cancer cell lines (A549) was purchased from ATCC (American Type Culture Collection).  Culture 
cells of A549 were attached on the floor flask in the medium of  DMEM-12 (Gibco®TM). Sub-cultured was treated 
with 0.25 trypsin, and cell viability was tested by the tryphan blue dye exclusion method. Cell counts were 
performed in quadruplicated on a hemocytometer.  
2.3.1 Cell viability assay 
 
      Crude H2O extracted was prepared in serial concentration as 1, 10, 100, 500 μg/ml. Pipettes 10μl each of 
concentration were added to each well except negative control. Cancer cell line 100μl (1x104cells/well) was seeded 
in 96 well plate. The negative control was with 0.1% DMSO (10μl/well) and the positive control was 0.05μg/ml of 
vinblastine (10μl/well). Each concentration was performed triplicate in one experiment. These cells were incubated in 95% 
humidified atmosphere with 5%CO2 at 37qC in 48h. After treatment with 50μl of 1mg/ml of MTT (3-(4-5-dimethylthiazol- 
2-yl)-2,5-diphenyl tetrazolium bromide (Sigma, Thailand)) in phosphate buffer saline (PBS), solution was added to 
each well and incubated at 37qC for 4 hours.  The medium was removed and the blue-violet formazan was dissolved 
in 100μl DMSO. The optical density of formazan was measured at 595 nm using a Bio-assay reader (BioRad, USA). 
The same experiments were performed for crude methanol, ethyl acetate extracted, F1-F3. Repeated the tested of   
macluraxanthone in serial concentration 1, 20, 40, 60, 80 and 100 μg/ml. Cell viable were absorbance and calculated 
by equation: Cell viability (%) = (sample OD/ control OD) x100, control OD is cell viable in medium. 
2.3.4 Statistical analysis 
 
    The experiments were performed in triplicate with three independent experiments. Data were expressed as the 
mean±standard deviation. The R-square equation was used to calculate the IC50 and EC50values. A p-value less than 
0.05 were considered statistically significance. 
3. Results and discussion 
3.1. Phytochemistry  
    Crude methanol from leaves and twigs of G. speciosa was purified by CC gave compounds 1(friedeline), 2    
(stigmasterol), 3(6-benzoyl-5-hydroxy-2,2,8,8-tetramethy-(2H, 8H)benzo (1, 2-b:3,4bc) dipyran),and 4 (maclura-        
xanthone is prenylated xanthone). Macluraxanthone confirmed by acetylation with sodium acetate and acetic anhydride 
was refluxed for 2 h gave compound 4a. HMQC and HMBC spectroscopy as well as COSY and NOE experiments 
were used to determine the structure and spectroscopic assignments for 3 4 and 4a (Fig 1). Compound 3 showed 
protons chemical shifts of two sets of AB type of olefinic protons on two chromene rings at G5.52 (1H, d,10 Hz, 
H3), and 6.68 (1H, d,10 Hz, H4), 5.3 (1H, d,10 Hz, H9), and 6.5 (1H, d, 10 Hz, H10),  aromatic protons at 7.35-7.46 
(5H, m, H2c-H6c) and 12.8 (1H, s,E-hydroxy proton of carbonyl). HMBC correlated longer range couplings of proton to 
carbon, H-2c to C-11,H3c to C-1c, H-3 to C-4a, H-4 to C-1a, CH3c to C-12. The COSY spectrum showed correlation 
between H-3 and H-4 as well as H-9 and H-10. Further evidence came from NOE experiment in which irradiation of 
H-3 gave rise to no enhancement of H-4, and irradiation of H-9 gave rise to no enhancement of H-10.  Compound 4 
showed 1H NMR spectrum of AB quartet at 5.55 (1H, d, 10 Hz, H12), and 6.69 (1H, d, 10 Hz, H11) and a singlet at G1.5 
(6H) suggesting the presence of germinal chromene moiety. A set of signals of an AMX system at G4.9 (dd,10, 1 Hz, 
1H), and 5.1(dd,17, 1 Hz, 1H) and 6.50(dd,17, 10 Hz, 1H) and 1.75 (s, 6H) suggested of 1, 1-dimethylallyl unit. 
Aromatic protons at 6.88 (d, 9 Hz, 1H), and 7.65 (d, 9 Hz, 1H) and 13.9 (1H, s, E-hydroxy proton of carbonyl). HMBC 
correlated longer range couplings of proton to carbon, H-8 to C-9, H3c to C-1c, H-7 to C-5, H-11 to CH3c, H-12 to C-
2, CH3ccc to C-19 and CH3cccc to C-20. The COSY spectrum showed correlation between Ha-19 and Hm-20, Hx-20 as 
well as H-11 and H-12. NOE experiment irradiated of H-20x gave rise to no enhancement of Ha-19 and Hm-20, and  
irradiation of H-11 gave rise to no enhancement of H-12. 
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Fig 1. Structure of 1-4, HMBC correlations of 3-4 and acetylation of 4a. 
4. Antioxidant activity 
    DPPH radical scavenging assay is the basic of the tested antioxidant activity in plants. The mechanism of DPPH 
was reacted with proton radical of oxygenated compounds, as phenolic groups. The observed DPPH was formed 
reduction and neutralized by it changed deep violet to pale yellow which absorbance by UV spectrometer at 515-517 
nm.  The study of G. speciosa found the oxygenated compounds which the crude H2O, methanol and ethyl acetate 
extracted showed antioxidant activity by the percentage of DPPH radical scavenging in IC50 were 165.8, 46.07 and 
113.9μg/ml, respectively. Consequently, the crude methanol extracted was fractionated by CC on si gel gave F1-F3. 
F3 was recrystallized with ethyl acetate, and gave macluraxanthone. F1-F3 and macluraxanthone showed 
antioxidant activity in IC50 were 117.4, 58.2, 35.5 and 7.7μg/ml, respectively. The inhibited concentration of the 
crude H2O, methanol and ethyl acetate extracted, fractionated of F1-F3 and macluraxanthone on DPPH radical 
scavenging summarized in Table 1. 
     Table 1 The IC50 of inhibited DPPH radical scavenging on crude H2O, MeOH, EtOAc extracted, fractionated of F1-F3and macluraxanthone. 
sample 
50% Inhibited of DPPH radical scavenging (μg/ml) 
average S.D. IC50(μg/ml) 
1 2 3 
H2O 165.83 165.84 165.83 165.8 0.01 168 ±0.01 
methanol 46.07 46.08 46.11 46.1 0.02 46.10 ±0.02 
ethyl acetate 113.91 113.9 113.89 113.9 0.01 113.9 ±0.01 
F1 117.35 117.65 117.23 117.4 0.22 117.4 ±0.22 
F2 58.11 58.18 58.23 58.2 0.06 58.2 ±0.06 
F3 35.52 35.56 35.55 35.5 0.02 35.5 ±0.02 
macluraxanthone 7.65 7.68 7.63 7.7 0.03 7.7±0.03 
5. Cytotoxic activity 
         Crude H2O fraction was in serial dilutions of 1, 10, 100, 500 μg/ml and used 10 μl in each of concentrated in 
96 well plate and pipetted A549 cell lines in100 μl (1x106 cells/ml) in each of well. Repeated the experiment in the 
crude methanol and ethyl acetate extracted. The metabolically active cells reacted with MTT and produced purple 
formazan measurement absorbance at 595 nm by colorimetric spectrophotometry. Cell viability was calculated using 
the formula: cell viability (%) = (sample OD/ control OD) x100. The bioassay-guided fractions of H2O, methanol 
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and ethyl acetate on A 549 cell lines were observed from the logarithm graph between the serial dilutions         
(1-500μg/ml), and showed EC50 were 62, 45 and 75 μg/ml, respectively. The inhibition of macluraxanthone on 
A549 cell viability was showed in ED50 15.38 μg/ml. The effective dose of the crude H2O, methanol and ethyl 
acetate extracted and macluraxanthone on A549cell lines summarized in Table 2. 
 
               Table 2 The ED50 of A549 cell lines on crude H2O, methanol, ethyl acetate extracted and macluraxanthone. 
 
Fraction/ Compound 
50% Effective of A549 cell lines(μg/ml) 
Average S.D. ED50(μg/ml) 
1 2 3 
H2O 62.13 61.86 62.05 62.01 0.16 62.01 ±0.16 
methanol 44.86 44.93 45.26 45.02 0.24 45.02 ±0.24 
ethyl acetate 74.73 75.11 75.23 75.02 0.29 75.02 ±0.29 
macluraxanthone 15.6 15.5 15.01 15.38 0.30 15.38 ±0.30 
6. Conclusion 
G. speciosa, is in Guttiferae family, has traditional used in medicinal for diarrhea, skin wounds, burns, astringent 
agents, oedemas, inflammation. Previously reported, G. speciosa was evaluated for ability to inhibit in the vitro growth of 
human tumour cell lines such as colon cancer, breast cancer and hormone dependent breast cancer. The studied of the 
chemical constituents of G. speciosa and cytotoxic activities of A549 lung cancer cell lines. Macluraxanthone and 
methanolic fraction showed high potent antiproliferative effect on A549. The separation of pure compounds from 
this plant have studied in the further which search for new pharmaceuticals drugs.  
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